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Rank Revealing QR [2]
2 2
[1] 3 Rank Re-




$Ax=b(A\in \mathrm{R}^{m\cross n}, x\in \mathrm{R}^{n}, b\in \mathrm{R}^{m})$
2 [1]
$A$ cond $(A)= \frac{\sigma_{1}}{\sigma_{n}}(\sigma_{1}:A$ $\sigma_{n}:A$
) $-$ $\epsilon_{M}^{-1}(\epsilon_{M}$ :
) [71
990 1997 11-20 11
22.1 ( 2 ) $Ax=b$ $A$
$A=URDV^{T}$ (1)
$D\equiv \mathrm{d}diag(d_{1}, d2, \ldots, d_{k}),$ $d_{1}\geq d_{2}\geq-\cdots\geq d_{k}>0$
$k$ $A$ $U\in \mathrm{R}^{m\cross k},$ $V\in \mathrm{R}^{k\cross n}$ \rangle $R\in$
$\mathrm{R}^{k\cross k}$ $D\in \mathrm{R}^{k\cross k}$
$\epsilon>0$ $c\equiv U^{T}b=\mathrm{d}(c_{1}, \ldots, ck)T$ $\Sigma_{i>n_{\epsilon}}C_{i}^{2}<\epsilon^{2}$
$n_{\epsilon}$






































1. $=$ [7] $A$ QR




( $k$ : $A$ , $Q_{1}\in \mathrm{R}^{m\cross k}$ : , $D\in \mathrm{R}^{k\cross k}$ . ,
$S\in \mathrm{R}^{k\cross n}$ : $P\in \mathrm{R}^{n\mathrm{x}n}$ : )
2. $S^{T}$ $\mathrm{Q}\mathrm{R}$ $S^{T}=Q_{2}L^{\tau}(L\in \mathrm{R}^{k\cross k}$ : , $Q_{2}\in \mathrm{R}^{n\cross k}$ :
)
3. $Marrow DLD^{-1}$








8. $x_{n_{\epsilon}}arrow PQ_{2}\tau D_{n_{\epsilon}}\uparrow y$ $D_{n_{\epsilon}}^{\uparrow}=diag(1/d_{1}, , . . , 1/d_{n_{\epsilon}}, 0, \ldots, 0)$
23 3 $\mathrm{Q}\mathrm{R}$
22 step 1 $\mathrm{Q}\mathrm{R}$ (4) $A$ $D$
$S$
$\mathrm{Q}\mathrm{R}$ $A$ $S$










3 Rank Revealing $\mathrm{Q}\mathrm{R}$
3.1 Rank Revealing $\mathrm{Q}\mathrm{R}$
$A$ Rank
Revealing $\mathrm{Q}\mathrm{R}$ Rank Revealing $\mathrm{Q}\mathrm{R}$
[2] $[3]_{\circ}$
3.1 (Rank Revealing $\mathrm{Q}\mathrm{R}$ )
$A\in \mathrm{R}^{m\cross n}$ $QR$
$A\Pi$ $=$ QR (5)
$=$ $Q$





$\Pi$ $QR$ Rank Re-
vealing $\mathrm{Q}\mathrm{R}$
Rank Revealing $\mathrm{Q}\mathrm{R}$




$A$ Rank Revealing $\mathrm{Q}\mathrm{R}$
[3]
Rank Revealing $\mathrm{Q}\mathrm{R}$ (6)
$\Pi$ 1







Rank Revealing $\mathrm{Q}\mathrm{R}$ [2]
3.1 (Rank Revealing $\mathrm{Q}\mathrm{R}$ )
$QR$ ( $f$ )
$A\Pi=QR(\Pi\in \mathrm{R}^{n\cross n}, Q\in \mathrm{R}^{m\cross k}, R\in \mathrm{R}^{k\cross n})$ $i=n,$ $n-$
$\},$
$\ldots$




3. $\mathrm{Q}\mathrm{R}$ $R^{(i)}P^{(i}$ ) $=Q_{1}\tilde{R}_{11}$ Givens [5]
4. $\Piarrow$ $\Pi P^{(i)}$
$Qarrow$ $Q$
$Rarrow$
5. $\sigma_{i}>\epsilon_{M}$ ( )
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3.2 3 QR Rank Revealing-QR
$=$. (4)
$S$ - Rank Re-
vealing $\mathrm{Q}\mathrm{R}$ (5)








‘ $S$ Rank Revealing $\mathrm{Q}\mathrm{R}$
23 Rank Revealing QR
32 (Rank Revealing $\mathrm{Q}\mathrm{R}$ 2
)
1. Rank Revealing $\mathrm{Q}\mathrm{R}$ ( 3.1) $A$ QR
$A\Pi$ $=$ $Q_{1}DS$ (7)
( $k$ : $A$ , $Q_{1}\in \mathrm{R}^{m\cross k}$ : , $D\in \mathrm{R}^{k\cross k}$ : ,
$S\in \mathrm{R}^{k\cross n}$ : $P\in \mathrm{R}^{n\cross n}$ : )
17
$2$ . $\wedge S^{T}$ $\mathrm{Q}\mathrm{R}$ $=Q_{2}L^{T}(L\in \mathrm{R}^{k\cross k}$. : , $Q_{2}\in \mathrm{R}^{n\cross k}$ :
)
3. $Marrow DLD^{-1}$
4. $M$ $\mathrm{Q}\mathrm{R}$ $M=Q_{3}R(R\in \bm{\mathrm{R}}^{k\cross k}$ . , $Q_{3}\in \mathrm{R}^{k\cross k}$ .
)




8. $x_{n_{\text{\’{e}}}}.arrow\Pi Q_{2}^{T}D_{n_{\zeta}}^{\uparrow}y$ $D_{n_{\epsilon}}^{\mathrm{t}}=diag(1/d_{1}, \ldots, 1/d_{n_{\epsilon}}, 0, \ldots, 0)$
4
$A\in \mathrm{R}^{n\cross n}$ :
$A=diag(1, S, \ldots, S^{n-1})$ $(c=0.2, s=\sqrt{1-c^{2}})$
$b\in \mathrm{R}^{n}$ :























SVD : (Singular Value Decomposition)
RRQR :Rank Revealing $\mathrm{Q}\mathrm{R}$
OCP : $f$ (Ordinary Column Pivoting)
5
Rank Revealing $\mathrm{Q}\mathrm{R}$ 2
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